Women remain significantly underrepresented in the science, engineering, and technology workforce. Some have argued that spatial ability differences, which represent the most persistent gender differences in the cognitive literature, are partly responsible for this gap . The underlying forces at work shaping the observed spatial ability differences revolve naturally around the relative roles of nature and nurture. Although these forces remain among the most hotly debated in all of the sciences, the evidence for nurture is tenuous, because it is difficult to compare gender differences among biologically similar groups with distinct nurture. In this study, we use a large-scale incentivized experiment with nearly 1,300 participants to show that the gender gap in spatial abilities, measured by time to solve a puzzle, disappears when we move from a patrilineal society to an adjoining matrilineal society. We also show that about one-third of the effect can be explained by differences in education. Given that none of our participants have experience with puzzle solving and that villagers from both societies have the same means of subsistence and shared genetic background, we argue that these results show the role of nurture in the gender gap in cognitive abilities.
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cross-cultural research | nature-nurture debate | women in science | cognitive gender differences | sex differences A mong tenure track professors at elite universities, women make up 8.3% of math professors, 12.1% of chemistry professors, 6.6% of physics professors, and 6.7% of mechanical engineering professors (1) . Furthermore, women make up only 19% of the science, engineering, and technology workforce (2) . The debate regarding the origin of this difference is highly emotional. When the President of Harvard University suggested that this gap may be explained by innate differences in abilities (3), members of the audience left the room. On the scientific side, many researchers have argued for the important role of nature, and others have argued for the important role of nurture (1, 4) .
In this paper we introduce important empirical evidence into this debate. Our study concentrates on gender differences in spatial abilities. Spatial abilities are used in major discoveries in physics and chemistry (1) and are correlated with success in engineering courses (5), the decision to major in the physical sciences (5) , and performance on the Test of Mechanical Reasoning and the Bennett Mechanical Comprehension Test (6) . The literature reports that men surpass women at spatial reasoning (7) .
Could this gender gap in spatial reasoning be substantially driven by nurture? There are plausible mechanisms. For instance, spatial skills are influenced by training (8, 9) , and males typically have relevant training (10) . Alternatively, females are stereotyped to have inferior spatial skills, and the salience of negative stereotypes may lead to decreased performance (11) . However, direct evidence that nurture matters is lacking. As our own society became more egalitarian, gender differences in spatial abilities have not shown consistent reductions (6) . Additionally, societies promoting gender equality, such as Sweden (12) , Norway (13) , and traditional Kibbutzim in Israel, retain standard gender differences in spatial abilities (14) just like most societies studied (15) . Moreover, whereas cross-cultural studies often find main effects of culture on spatial abilities, they rarely find interaction effects between culture and gender (15) . The one exception is Canadian Eskimos, who, compared with African Temne, seem to have a smaller gender gap (16) . However, the comparison between these societies is hard to interpret, because these societies are not only culturally but also ethnically dissimilar, and this paper fails to report a significant interaction between society and gender.
Results and Discussion
Our empirical identification strategy is based on a comparison of two distinct tribes in Northeast India (the Khasi and the Karbi) that share a genetic background. This comparison allows us to identify the role of nurture. In this region, geographic contiguity is a better predictor of genetic similarity than culture. Both tribes are located in the hills surrounding the city of Shillong, and the Karbi and Khasi appear to be close kin, based on genetic analysis of six polymorphic loci (17) . The villagers in both societies are agriculturalist and subsist primarily off rice, with little variation in wealth or diet.
There are many cultural differences between the tribes; thus, we cannot isolate the particular aspect of nurture that matters. However, the most obvious difference between the tribes is that the Karbi are a patrilineal tribe (for example, women are not supposed to own land, and the oldest son inherits the property), whereas the Khasi are a matrilineal tribe (property is inherited by the youngest daughter, men are not allowed to own land, and any earnings of the male are supposed to be handed over to his wife or sister). The different societies are described in greater details elsewhere (18, 19) .
The participants in the field experiment solved a four-piece puzzle ( Fig. 1 ) (a total of 1,279 participants from four Khasi and four Karbi villages). None of them had previous experience with such a task. To incentivize participants, we offered 20 rupees-25% of a day's wage-to each participant who solved the puzzle in less than 30 s. Some of our subjects also answered survey questions.
The null hypothesis that we test is that, although culture may have a main effect on time to solve the puzzle, it will not affect the gender gap. The alternative hypothesis is that the gender gap is less pronounced among the matrilineal society.
First, we confirm that the two societies treat men and women differently; our survey data show that women get a better education and are more likely to own property in the matrilineal society. In the matrilineal society, males and females have the same years of education (tobit, two-sided P = 0.159, n = 530), whereas in the patrilineal society, males have 3.67 y more years of education (tobit, P < 0.001, n = 426). Men predominantly own the property in which our patrilineal participants dwelled, with only 35 of 347 exceptions. However, male ownership is strictly forbidden among the matrilineal villages. Details on these regressions and all others are in SI Text.
Our main result, the average time of each group to solve the puzzle, is presented in Fig. 2 Table 1 (consistent with other cross-cultural studies) (15), we find a main effect of culture on spatial abilities; however, unlike other cross-cultural studies, Fig. 2 and Table 1 also indicate an interaction effect between gender and culture. Men take 36.4% less time than women among the patrilineal society (ordinary least squares, P < 0.001, n = 468) but are no faster among the matrilineal society (OLS, P = 0.252, n = 811). The interaction between gender and society is statistically significant (OLS, P < 0.001, n = 1,279). SI Text shows the robustness of these results.
Education could be one mechanisms involved in generating the interaction between society, gender, and spatial abilities. This question has policy relevance, because policymakers have sway over education. Recall that there is a gender gap in education in the patrilineal but not the matrilineal society. Better educated subjects solve the puzzle faster, with each 1 y corresponding to a reduction in time of 4.3% (OLS, P < 0.001, n = 956). This finding is consistent with findings elsewhere that spatial abilities correlate with education (16). We find that, when adding education as a control variable, the gender by society interaction term remains significant (OLS, P < 0.001, n = 956) and quite sizeable, amounting to the effect of 6 y education, but it is reduced in magnitude by nearly a one-third, indicating that our main result is partly but not fully explained by education.
Next, we test whether household variation within a village matters. This question has practical implications, because it may be easier for ordinary people to influence household variation than alter an entire society. In particular, we test whether the gender gap in time to solve the puzzle differs between homes owned by males, which is traditional, and homes owned by females or jointly owned by males and females. The gender gap is, in fact, one-third the size among those people who live in homes not owned solely by males (10% OLS, P = 0.735, n = 35 vs. 42% OLS, P < 0.001, n = 312). Of course, this finding might be the result of selection into such household. A similar comparison cannot be made among matrilineal households, because men are outright forbidden to own property, preventing variation.
Recall that the youngest daughter traditionally inherits property among the Khasi and the oldest son traditionally inherits property among the Karbi. One might worry that our results are Fig. 1 . The puzzle used in the experiment. Subjects solved a four-piece jigsaw puzzle. The time that it took to complete the puzzle acted as our measure of spatial ability. Fig. 2 . Female villagers took longer to solve the puzzle in the patrilineal society but no longer in the matrilineal society. Mean time to solve the puzzle by society and gender. Subjects solved a four-piece jigsaw puzzle. The time that it took to complete the puzzle acted as our measure of spatial ability. Subjects solved a four-piece jigsaw puzzle. The time, in seconds, that it took to complete the puzzle acted as our measure of spatial ability.
being driven solely by the privileged individuals. However, the youngest daughters were not significantly faster among Khasi females (OLS, P = 0.80, n = 176) and the oldest sons were not significantly faster among Karbi males (OLS, P = 0.47, n = 203). Moreover, if we restrict our analysis to subjects who are not these privileged inheritors, our main result remains unchanged.
It has earlier been shown (18) (19) (20) that, although men are generally more competitive than women, this is not the case in the matrilineal society. Thus, one may worry that time to solve the puzzle is merely picking up on competitiveness, and the current interaction between gender and society in time to solve the puzzle is caused by the interaction between gender and society in competitiveness. This conclusion is not the case. Using the same measure as in an earlier work (described in SI Text), we find no relationship between competitiveness and time to solve the puzzle (OLS, P = 0.864, n = 976), and including competitiveness as a control does not influence our main result (18) .
Conclusion
Our paper shows that the gender gap in spatial abilities in the task that we study interacts with culture. In the matrilineal society, we observe no gender difference in this task. These results show that nurture plays an important role in the gender gap in spatial abilities. Our results also indicate that providing equal education and improving treatment of women at the family level may make a difference; however, this implication should be taken with a grain of salt, because causality cannot be ascertained. Nevertheless, the implications for both policymakers and ordinary people interested in reducing the gender gap cannot be overstated: reducing the gender gap in spatial abilities may reduce the gender gap in the science, engineering, and technology workforce.
It is worth mentioning that our results do not provide evidence against the role of nature.
Methods
Participants. Villagers (1,279) participated from four patrilineal villages and four matrilineal villages. Several weeks before the study, village headmen were asked to enroll villagers interested in the study. Headmen were asked to inform villagers that they would be paid a 100-rupee show-up fee ($2 or approximately wages for 1.25 d) for 0.5 d participation in experiments. Furthermore, they may earn additional money depending on their performance in the experiments. All participants signed a consent form and eventually solved the puzzle. Participants were 18 y or older. Two participants opted out, and one participant did not have gender properly coded; therefore, these subjects are not included in any of our analysis or the 1,279 figure reported above.
Procedure. Participants were individually led into either a private room or a secluded area in the courtyard and given instructions in their native tongue. They were shown four puzzle pieces arranged properly to form the image of a horse. They were instructed to replicate these four pieces using a second set of puzzle pieces. They were told that, if they did so within 30 s, they would receive 20 rupees-approximately one-quarter of 1-d wage. Participants were told to begin, and a stop watch was started outside of the participants' view. If a participant claimed to be done but in fact, was not, a discrepancy between the participant's puzzle pieces and the correct image was pointed out, and we allowed the subject to continue. When participants were interviewed, none expressed experience in solving puzzles. Afterward, most participants were asked their age, birth order, years of schooling, and who owns the property in which they reside. Some subjects participated in the competitive measure. Details of this measure as well as additional details on the other measures can be found in SI Text.
